
Project Introduction

Current National Aeronautics and Space Administration (NASA) Occupant
Protection standards and requirements are based on extrapolations of
biodynamic models, which were based on human tests performed during pre-
Space Shuttle human flight programs. In these tests, occupants were in
different suit and seat configurations than are expected for the Multi Purpose
Crew Vehicle (MPCV) and Commercial Crew programs. As a result, there is
limited statistical validity to the Occupant Protection standards. Furthermore,
the current standards and requirements have not been validated in relevant
spaceflight suit and seat configurations or expected loading conditions.

To address the limitations of the current NASA standards, this study will
address the following two objectives: 1) Develop a Finite Element (FE) model
of Test device for Human Occupant Restraint (THOR) Anthropomorphic Test
Device (ATD), and 2) Conduct data mining of existing human injury and
response data using the THOR FE model.

In order to develop updated standards, adequate injury assessment tools
must be chosen and developed. In the case of dynamic loads, the THOR ATD
was chosen as the appropriate human surrogate. For the data mining portion
of the task, re-creation of the conditions of each impact case is needed to
determine injury risk. Since physical re-creation of each case is not feasible, a
numerical model of the THOR ATD is desired. An existing THOR FE model will
be refined and validated. To supplement available THOR ATD validation data,
additional THOR ATD testing will be conducted at two facilities and ATD
response data will be collected. The FE model responses will then be assessed
against the physical ATD responses. Once the ATD model is validated, it can
be used for the data mining portion of the study.

Because analogous spaceflight injury biomechanics data are very limited, data
mining of other analogous environments will be used. These datasets are
chosen as they have similarities with the landing environment expected in
future vehicles. The existing human injury and response data from other
sources include historical military volunteer testing, automotive Crash Injury
Research Engineering Network (CIREN), IndyCar impacts, and NASCAR
impacts. These data sources can allow better extrapolation of the ATD
responses to off-nominal conditions above the nominal range that can safely
be tested in humans. These elements will be used to develop injury risk
functions for each of the injury metrics measured from the ATD. These risk
functions would then be incorporated with the results of other Tasks to update
the NASA standards.

Task Description:

The ultimate aim of this project is to develop Occupant Protection standards
for NASA that would apply to all future crewed spacecraft.

1.	Conduct ATD dynamic tests to relate human and ATD responses.
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2.	Mine existing human injury and tolerance data and simulate dynamic
environments using Finite Element (FE) models. Relate human injury and
responses to ATD estimated responses from FE models.

3.	Develop injury risk functions based on ATD responses and develop NASA
standards from these functions.

Anticipated Benefits

The results of this study have a significant impact on terrestrial applications in
the automotive and aviation safety communities. This study has access to
unique and previously unpublished human impact exposure data, which allows
new insight into human tolerance to dynamic loads. This can have a direct
benefit on future protection systems in automobiles and aircraft.
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Organizations
Performing Work

Role Type Location

Johnson Space
Center(JSC)

Lead
Organization

NASA
Center

Houston,
Texas

Virginia Polytechnic
Institute and State
University(VA Tech)

Supporting
Organization Academia

Blacksburg,
Virginia

Wake Forest University Supporting
Organization

Academia

Winston-
Salem,
North
Carolina

Wright-Patterson Air
Force Base

Supporting
Organization

US
Government

Wyle Integrated
Science and
Engineering Group

Supporting
Organization Industry

Primary U.S. Work Locations

Texas

Project Transitions

June 2012: Project Start

Technology Maturity
(TRL)

Applied
Research Development Demo & Test

Technology Areas
Primary:

TX06 Human Health, Life
Support, and Habitation
Systems

TX06.3 Human Health and
Performance

TX06.3.2 Prevention
and Countermeasures

Target Destinations
The Moon, Mars
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April 2015: Closed out

Closeout Summary: Current National Aeronautics and Space Administration (NASA) occupant protection standards and re
quirements are based on extrapolations of biodynamic models, which were based on human tests performed during pre-Sp
ace Shuttle human flight programs. In these tests, occupants were in different suit and seat configurations than are expect
ed for the Multi-Purpose Crew Vehicle (MPCV) and Commercial Crew programs. As a result, there is limited statistical validit
y to the occupant protection standards. Furthermore, the current standards and requirements have not been validated in re
levant spaceflight suit and seat configurations or expected loading conditions. The objectives of this study are to use curren
t modeling techniques and industry standard approaches to analyze existing human databases to develop new NASA standa
rds and requirements for occupant protection. To accomplish these objectives we began by determining which critical injuri
es NASA needs to mitigate. We then defined the anthropomorphic test device (ATD) and the associated injury metrics of int
erest. Finally, we conducted a literature review of available data for the Test Device for Human Occupant Restraint (THOR)
ATD to determine injury assessment reference values (IARV) to serve as a baseline for further development. The first objec
tive of this study was to assess the THOR for use by NASA in developing and validating occupant protection standards. THO
R was impact tested in various orientations and multiple peak acceleration levels, and responses to these impacts differed f
rom human responses under identical impact conditions and do not replicate human bracing for impact. As part of this stud
y, a finite element model (FEM) of the THOR was developed, calibrated, and optimized. The FEM proved a good match to th
e ATD. The FEM simulations (at a wide range of impacts that military subjects participated in) historically revealed that the
FEM correlated to lower-peak acceleration impacts better than to higher-peak accelerations. The second objective of this st
udy was to mine existing human injury and exposure data. The U.S. Air Force maintains thousands of human-impact-test re
sults. Data collected from 1976 to 2004 have been downloaded and converted into a user-friendly MATLAB data structure fo
rmat. The team created IARVs for several metrics mined from existing injury literature. The IARVs for the spine and chest d
eflection subsequently were refined based upon statistical models of combined non-injurious and injurious literature data. T
his work culminated in the development of an acceptable risk of injury from spaceflight, which included a newly developed
operationally relevant injury scale.

Stories

Abstracts for Journals and Proceedings
(https://techport.nasa.gov/file/53311)

Abstracts for Journals and Proceedings
(https://techport.nasa.gov/file/53313)

Abstracts for Journals and Proceedings
(https://techport.nasa.gov/file/53318)

Abstracts for Journals and Proceedings
(https://techport.nasa.gov/file/53321)

Abstracts for Journals and Proceedings
(https://techport.nasa.gov/file/53316)

Abstracts for Journals and Proceedings
(https://techport.nasa.gov/file/53324)

Articles in Peer-reviewed Journals
(https://techport.nasa.gov/file/53328)

Articles in Peer-reviewed Journals
(https://techport.nasa.gov/file/53325)
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Articles in Peer-reviewed Journals
(https://techport.nasa.gov/file/53329)

Articles in Peer-reviewed Journals
(https://techport.nasa.gov/file/53330)

Articles in Peer-reviewed Journals
(https://techport.nasa.gov/file/53327)

NASA Technical Documents
(https://techport.nasa.gov/file/53331)

NASA Technical Documents
(https://techport.nasa.gov/file/53332)

Papers from Meeting Proceedings
(https://techport.nasa.gov/file/53334)

Papers from Meeting Proceedings
(https://techport.nasa.gov/file/53333)

Project Website:

https://taskbook.nasaprs.com
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